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CytotoxicityAbstract Aim and objective: Hippophae rhamnoides is an edible, nutrient rich plant found in the
northern regions of India. It belongs to the family Elaeagnaceae and is well known for its traditional
pharmacological activities. The present study was aimed to investigate the antioxidant and neuro-
protective activities of H. rhamnoides.
Methodology: The hydroalcoholic extract of H. rhamnoides was evaluated for free radical scav-
enging activity using DPPH, hydroxyl radical scavenging and ferric thiocyanate assays. In vitro neu-
roprotective activity was assessed on human neuroblastoma cell line-IMR32 against hydrogen
peroxide (H2O2) induced cytotoxicity. The neuroprotective effect was determined by measuring
the cell viability through tetrazolium dye MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide) reducing assay and propidium iodide (PI) staining. Also the intracellular reactive
oxygen species (ROS) activity was assessed using dichloro-dihydro-ﬂuorescein diacetate (DCFDA)
assay by ﬂowcytometer.
Results: The results of the study demonstrated that H. rhamnoides extract possesses potential
free radical scavenging activity. The IC50 value for DPPH and OH radical scavenging assay was
70.92 lg/ml and 0.463 mg/ml, also the extract was also found to have considerable level of lipid per-
oxidation activity. The neuroprotective effect of H. rhamnoides was conﬁrmed by its cell viability
enhancing capacity against hydrogen peroxide induced cell cytotoxicity. The extract acted on
IMR32 cells in a dose dependent manner as observed through PI and MTT assays. The percentage
intracellular ROS activity was reduced by 60–70% in treated cells compared to H2O2 control.
646 S. Shivapriya et al.Conclusion: Thus the outcome of the study suggests that H. rhamnoides acts as a neuroprotec-
tant against oxidative stress induced neurodegeneration.
ª 2015 TheAuthors. Production and hosting by Elsevier B.V. on behalf ofKing SaudUniversity. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Hippophae rhamnoides (L.) is a unique, valuable plant known
for its medicinal value and belongs to the Elaeagnaceae family.
It is a thorny nitrogen-ﬁxing deciduous shrub grown in cold
arid regions, native to Europe and Asia and commonly known
as Sea buckthorn. It is currently domesticated in several parts
of the world due to its nutritional and medicinal properties
(Rousi, 1971; Li, 2003). Recent researches aims to understand
and support the traditional uses of H. rhamnoides. The known
pharmacological effects of H. rhamnoides include antioxidant,
immunomodulatory, anti-atherogenic, anti-stress, hepatopro-
tective, radioprotective and tissue regeneration property
(Suleyman et al., 2001; Geetha et al., 2002a,b; Goel et al.,
2002; Xing et al., 2002; Gao et al., 2003; Gupta et al., 2005;
Basu et al., 2007; Chawla et al., 2007; Saggu et al., 2007;
Upadhyay et al., 2009, 2011). However, very few researchers
have focused to study the neuroprotective activity of
H. rhamnoides. Literature has mentioned H. rhamnoides as a
potent antioxidant; keeping this as a key factor, we have
chosen the plant for studying the in vitro neuroprotective
activity.
Overproduction and accumulation of free radicals lead to
chronic diseases such as atherosclerosis, cancer, diabetes,
rheumatoid arthritis, cardiovascular diseases, inﬂammation,
aging and other degenerative diseases (Freidovich, 1999;
Yun-Zhong et al., 2002; Emerit and Edeas, 2004). Oxidative
stress is one of the prime causes for cell death and damage
especially in the brain cells. Neural cells are highly susceptible
to oxidative stress induced injury because of its high
metabolic rate; insufﬁcient level of antioxidants and oxidative
damage to DNA and biomolecules has been noted during the
pathogenesis of aging and neurodegenerative diseases (Rao,
2007; Rodesh et al., 2008; Ramakrishna and Setty, 2009).
Though, the biological systems have an internal defense
mechanism to ﬁght against intracellular ROS, at a certain
point this fails due to the over expression of ROS
(Hallliwell, 2009). Hence, identiﬁcation of alternate source
of antioxidants is required for conferring protection to
cells and to slow down the process of aging and
neurodegeneration.
Utilization of cell line was initiated due to the difﬁcul-
ties in working with live human tissue sample and several
studies have demonstrated that cell line is one of the best
models to study stress induced cell damage and neuro-
degeneration (Piga et al., 2005; Guan et al., 2006;
Mandraju et al., 2008). IMR32 is a human neuronal cell
line which may be best suited to study the mechanism of
drugs effective in treating stress induced neurodegeneration
in humans. Thus, we have hypothesized the present study
to evaluate the in vitro antioxidant and neuroprotective
activity of H. rhamnoides using IMR32 human neuroblas-
toma cell line.2. Methodology
2.1. Chemicals
2,2-Diphenyl-1-picrylhydrazyl (DPPH), L-ascorbic acid, 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide,
Dulbecco’s Modiﬁed Eagle’s Medium (DMEM), fetal bovine
serum (FBS), penicillin, streptomycin, propidium iodide (PI)
and dichloroﬂuorescein diacetate (DCFDA) were obtained
from Sigma Chemical Co. and Lonza, India. All other chemi-
cals used were of analytical grade.
2.2. Extract preparation
Fruits and leaves of H. rhamnoides were collected from north-
ern India in the month of September and authenticated by
Professor N.K. Dubey, Botanist, Dept. of Botany, Banaras
Hindu University, Varanasi. The voucher specimen (HR:
0706, SH 18) is retained in the department for future reference.
The fruits and leaves were shade dried and the dried material
was milled to obtain coarse powder and then cold extracted
using hydroalcohol in the ratio of 70:30 (ethanol:water). The
extract was dried in a rotary evaporator under reduced pres-
sure. The extract was stored at 20 C in a dark bottle.
2.3. DPPH radical scavenging activity
DPPH is a stable free-radical molecule widely used assay to
measure the free radical scavenging capacity of plant extracts.
Assay was initiated by adding 200 ll of 0.004% DPPH
methanolic solution into 96-well plate, followed by addition
of 20 ll of H. rhamnoides extract, or solvent or the blank.
The mixture was incubated at 30 C for 1 h and the absorbance
was measured at 515 nm in a microplate reader (Multiskan,
Thermo Scientiﬁc) (Kim et al., 2002; Bertrand et al., 2005).
The percentage of inhibition was calculated as:
Inhibition % ¼ 100 100ðAsAoÞ
where Ao is the absorbance of the blank and As is the absor-
bance of the sample at 515 nm.
2.4. Hydroxyl radical scavenging assay
Hydroxyl radical scavenging assay was carried following the
method of Su et al. (1998) with slight modiﬁcation. 2 ml of
6 mM ferrous sulfate was added to different concentrations
of 2 ml of H. rhamnoides extract (0.2, 0.4, 0.6, 0.8, 1.0, 1.2
and 1.4 mg/ml), to which 2 ml of 6 mM hydrogen peroxide
was added. The above mixture was incubated for 10 min, after
which 2 ml of 6 mM sodium salicylate was added and incu-
bated at 37 C for 30 min. On completion of the incubation
period the samples were read for absorbance at 510 nm using
spectrophotometer (Lab India) and the percentage of inhibi-
tion was calculated as:
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where As is the absorbance of the sample with sodium salicy-
late. Aw is the absorbance of the sample without sodium sali-
cylate and Ao is the absorbance of the reagent.
2.5. FTC assay
The antioxidant activity ofH. rhamnoides on inhibition of lipid
peroxidation was determined using ferric thiocyanate assay
(Kikuzaki and Nakatani, 1993). A mixture containing the
plant extract 4 ml in absolute ethanol, 2.51% linoleic acid in
absolute ethanol (4.1 ml), 0.05 M phosphate buffer pH 7
(8 ml) and distilled water (3.9 ml) was placed in a vial with a
screw cap. The vial was placed in an oven at 40 C in the dark.
To 0.1 ml of the above solution 9.7 ml of 75% ethanol and
0.1 ml of 30% ammonium thiocyanate were added. Three min-
utes after adding 0.1 ml of 0.02 M ferrous chloride in 3.5%
hydrochloric acid to the reaction mixture, the absorbance
was measured at 500 nm, every 24 h until the absorbance of
the control (without sample) reached maximum. a-tocopherol
was used as standard.
2.6. Cell line maintenance
Human neural cell line-IMR32 was procured from National
Center for Cell Sciences, Pune, India. The IMR32 cells were
cultured in DMEM supplemented with 10% FBS, penicillin
(100 units/ml) and streptomycin (100 units/ml) under standard
culture condition at 37 C and 5% CO2 incubator (Thermo
Scientiﬁc).
2.7. Analysis of the direct effect of H. rhamnoides on IMR32
The direct effect of H. rhamnoides extract was assessed prior to
the oxidative stress challenge in order to study the toxicity
range of the extract. IMR32 cells were incubated with different
concentrations ofH. rhamnoides extract and assessed for viabil-
ity using MTT assay. MTT is a colorimetric assay for assessing
cell cytotoxicity. IMR32 cells in the exponential phase were
seeded onto 96-well plate (1 * 104 cells/well), incubated over-
night and pretreated with various concentrations of H. rham-
noides extracts (0–1000 lg/ml) for 24 h. Then, the medium
was removed and cells were washed with phosphate buffer solu-
tion (PBS). 100 ll of MTT at a concentration of 5 mg/ml was
added to each well and incubated for 2 h. The solution was then
removed and 100 ll of DMSO was added to each well, after
10 min, the samples were read at 570 nm (Mosmann, 1983) in
microplate reader (Multiskan, Thermo Scientiﬁc).
2.8. Analysis of neuroprotective of H. rhamnoides on oxidative
stress induced cytotoxicity using propidium iodide staining
Propidium iodide (PI) is a ﬂuorescent compound, used to stain
cellular DNA in order to evaluate cell viability, DNA content,
cell cycle analysis and DNA damage (Behl et al., 1995). Cells of
1 · 106 cells/well density were seeded in a 12-well plate and incu-
bated for 24 h. The cells were then treated with different concen-
trations of H. rhamnoides extract (3.2–100 lg/ml) for 24 h, after
which theywere exposed to the toxic stress inducerH2O2 for 24 h.
The cells were stained with PI and analyzed along withappropriate controls using ﬂowcytometer (FACSCalibur, BD
Bioscience) with emission and excitation range being ex 535/em
617.
2.9. Measurement of intracellular ROS
Oxidation-sensitive dye, DCFDA was employed to measure
the intracellular ROS activity induced by hydrogen peroxide
in human neural cell line (Wang and Joseph, 1999). On enter-
ing the cell, DCFDA is hydrolyzed by cellular esterase enzyme
to a non-ﬂuorescent dichloro-dihydro-ﬂuorescein (DCFH)
which is oxidized to highly ﬂuorescent dichloroﬂuorescein
(DCF) by the intracellular ROS. The amount of ﬂuorescence
is equal to the amount of intracellular ROS generated inside
the cells (Lebel et al., 1992). Human neural cells were plated
at a density of 1 · 106 cells/well in 12-well plate; after 24 h, cells
were treated with different concentrations of H. rhamnoides
extract and exposed to 250 lM of H2O2 for 6 h. At the end
of treatment 10 lM DCFDA was added to the cells and incu-
bated for 30 min. The ﬂuorescence was detected in ﬂowcy-
tometer at an excitation wavelength of 485 nm and an
emission wavelength of 535 nm.
2.10. Statistical analysis
All assays were carried out in triplicates and the data were rep-
resented as mean ± SD value. The signiﬁcant differences
among various groups were compared by ANOVA followed
by Dunnett’s test using Graphpad prism software version 6.
P < 0.05 was considered to be statistically signiﬁcant.3. Results
3.1. Free radical scavenging assay
DPPH, OH radical scavenging and FTC assays were per-
formed to evaluate the free radical scavenging activity of H.
rhamnoides using ascorbic acid and a-tocopherol as standards.
The results conﬁrmed that H. rhamnoides extract showed a
concentration dependent radical scavenging activity. The
IC50 value for DPPH assay was found to be 70.91 lg/ml as
seen in Fig. 1a. The extract was also found to show consider-
able OH radical scavenging activity, the highest scavenging
effect was found to be 86.24% at 1.4 mg/ml, with IC50 value
being 0.463 mg/ml (Fig. 1b). As OH radical scavenging activ-
ity is an important factor for evaluating antioxidant property
the present study shows that the H. rhamnoides is an efﬁcient
antioxidant. FTC results portrayed that the extract possesses
comparable lipid peroxidation activity with that of standard.
3.2. Effect of H. rhamnoides extract on IMR32 cell line
Cytotoxic effect of H. rhamnoides extract on human neural cell
line-IMR32was evaluated by incubating it with various concen-
trations of H. rhamnoides extract (1–1000 lg/ml) as seen in
Fig. 2 (1000 lg/ml data not shown). The toxicity results revealed
a decrease in percentage of viability at higher concentrations of
extract and the IC50 value was found to be 312.63 ± 2.6 lg/ml.
The viability of cells was least affected at 100 lg/ml hence, cho-
sen as the highest safe dose for evaluating efﬁcacy of the extract.
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Figure 1 Free radical scavenging activity of H. rhamnoides: (a) DPPH assay, (b) OH radical scavenging activity, (c) Lipid peroxidation
activity.
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Figure 2 Concentration dependent effect of H. rhamnoides on
Human neural cell line-IMR32. Note – Values represented as
mean ± SD. Toxicity results for IMR32 cell line incubated with
different concentrations of H. rhamnoides extract.
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Figure 3 Neuroprotective effect of H. rhamnoides on H2O2
induced cell cytotoxicity: PI staining assay. Note – Values
represented as mean ± SD. ANOVA followed by dunnett’s test
was carried out to determine the level of signiﬁcance. Comparison
was made between the treated and H2O2 control group. Toxicity
results of IMR32 cell line induced with 250 lM of H2O2 and pre
incubated with different concentrations of H. rhamnoides extract.
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cytotoxicity
Neuroprotective activity of H. rhamnoides was assessed by
subjecting IMR32 cells to 24 h H2O2 (250 lM) challenge,
which were pretreated with different concentrations of H.
rhamnoides extract for 24 h (3.2–100 lg/ml). The cell death
was determined using propidium iodide staining assay. An
increase in cell viability was observed in treated cells compared
to H2O2 controls in a dose dependent manner as illustrated in
Fig. 3. 100 lg/ml was found to be the effective concentration;
similar results were obtained from MTT assay (results not
shown). A signiﬁcant increase in cell viability was observed
at 100 lg/ml of the plant extract.3.4. Effect of H. rhamnoides extract on intracellular ROS
activity
DCFDA assay was used to measure the amount of ROS gen-
erated in IMR32 cells during oxidative stress injury. The
amount of ﬂuorescence liberated was directly proportional to
the ROS generated in the cells. Incubation of IMR32 cells with
250 lM of H2O2 induced intracellular ROS accumulation
along with other peroxides which were detected with DCF
stain. ROS activity was found to be decreased in pretreated
cells as seen in Fig. 4. It was observed that H. rhamnoides
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Figure 4 Effect of H. rhamnoides extract on intracellular ROS
production. Note – Values represented as mean ± SD. ANOVA
followed by dunnett’s test was carried out to determine the level of
signiﬁcance. Comparison was made between the treated and H2O2
control group. Intracellular ROS activity results for IMR32 cell
line induced with 250 lM of H2O2 and pre incubated with
different concentrations of H. rhamnoides extract.
Neuroprotective effect of Hippophae rhamnoides 649extract signiﬁcantly reduced the relative ﬂuorescence by 60–
70% when compared to un-treated cells, the level of signiﬁ-
cance in treated cells at 50 and 100 lg/ml concentration was
P< 0.05 and P< 0.01 respectively.
4. Discussion
The present study provides information on the antioxidant and
neuroprotective activities of H. rhamnoides against exogenous
oxidative stress induced cytotoxicity.
Excess accumulation of ROS leads to cellular damage and
inﬂammation of the tissues (Murphy et al., 2011). ROS plays a
major role in cellular senescence pavingway to neural cell death;
therefore there is an urgent need for potential therapeutics that
may prevent oxidative stress induced neurodegeneration. With
the above context and the concerns side effects of conventional
drugs have evoked researcher’s focus on natural antioxidants
especially from plants, as they possess strong free radical scav-
enging activity, and prevent oxidant–induced cellular damage
(Hussain et al., 2007; Kim et al., 2009; Miranda et al., 2008;
Naval et al., 2007; Hake et al., 2009). Literature quotesH. rham-
noides as a potent antioxidant, which provoked us to evaluate its
neuroprotective activity and thus we have conducted the study
by screening the extract for its antioxidant property.
The antioxidant activity ofH. rhamnoides was studied using
DPPH, hydroxyl radical scavenging and FTC assays, as these
assays are the best and accurate method for screening natural
antioxidants. Our results conﬁrmed that the hydroalcoholic
extract of H. rhamnoides effectively scavenged the free radicals
liberated.
The most common method applied for studying the in vitro
neuroprotective activity of antioxidants is H2O2 induced cyto-
toxicity (Chow et al., 2005; Fallarero et al., 2006; Garcia-
Alonso et al., 2006) hence; this method was employed to study
the neuroprotective effect of H. rhamnoides. It was observed
that human neural cell line (IMR32) was protected against
H2O2 challenge by pretreating the cells with different concen-
trations of H. rhamnoides extract. A signiﬁcant increase in cell
viability was found in H. rhamnoides treated cells compared to
H2O2 control and the increase in cell viability was dose depen-
dent. This increase could be because of the ability ofcompounds present in plant extract to respond to cellular
stress and protect the macromolecules from toxicity
(Vichneveshaia and Roy, 2001).
H. rhamnoides extract was found to act on peroxides and
other free radicals which were evident through the DCFDA
results. A decrease in the level of ﬂuorescence was observed
in cells treated with H. rhamnoides extracts. The antioxidant
and neuroprotective activity of H. rhamnoides would be the
result of its rich bioactive contents like vitamins A, C, E,
and F, riboﬂavin, folic acid, carotenoids, phytosterols, organic
acids, polyunsaturated fatty acids and essential amino acids
(Beveridge et al., 1999; Yang and Kallio, 2001; Pintea et al.,
2005). Studies have also revealed H. rhamnoides as a neuropro-
tectant using aging brain and scopolamine induced models in
rats (Shivapriya et al., 2013; 2014). Thus, the present study
conﬁrms that the plant acts as a potent antioxidant and pro-
tects the human neural cells IMR32 from hydrogen peroxide
induced cell cytotoxicity.
5. Conclusion
The present study may be one of its kinds reporting the neuro-
protective effect of H. rhamnoides on human neural cell line.
We have found that H. rhamnoides extract protects the neural
cells from oxidative stress induced damage through its antiox-
idant property. Hence, the plant may be advocated for neu-
rodegenerative disorder induced by oxidative stress. It has to
be further validated with advanced molecular mechanism
and gene regulation studies.
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